as particulate and open to precise quantitative investigations." That plant rather than animal scientists made this contribution was no accident. As some plant species, like the garden pea, can be self-fertilized without Introduction losing vigor and thus come to be homozygous at most At the turn of the nineteenth century, it was relatively gene loci, precise ratios can be demonstrated in them easy for a curious layperson to phrase a question about much more easily than in any of the animals that were the mechanisms underlying the growth and developavailable to scientists before Drosophila was recogment of plants, for which there was no scientific explananized. Hence, the concepts of genotype and phenotype tion or for which the theory of the time subsequently were first presented by a plant scientist, W. Johannesen. proved incorrect. Many of the basic physical principles, Because of the economic importance of maize, and such as the role of water potential in plant growth, were the ease with which crosses could be performed, maize conceptually well developed (Kramer, 1974; Zimmerhas long been a favored organism for genetics. By the mann, 1974). However, opinion was divided as to early 1930s, geneticists had mapped more than 100 whether plants were dependent for growth on the uptake mutations onto the ten linkage groups of maize (Emerof organic nutrients from soil. The mechanisms of photoson, 1932), and Barbara McClintock had established synthesis were not known, the mechanism of heredity the relationships between chromosome structure and was mysterious, the concept of a virus had not yet been genetic linkage. Aside from the work of Emerson, defined, and nothing was known about bioenergetics.
unstable mutations were caused by insertion of transposable elements into a locus that frequently underwent both somatic and germinal excision and transposition, restoring function to the genes (McClintock, 1951) . The significance of her discovery was that it showed that the genome was dynamic. The molecular nature of the Ac and Ds elements was revealed about 40 years after their discovery, following the cloning of Ac by Fedoroff et al. (1983) . Ac is a 4.5 kb transposon that encodes a single protein, the transposase. Ds elements are nonautonomous derivatives of Ac in which transposase activity has been lost by mutation. It is now clear that most higher plant genomes contain large numbers of various transposable elements. Indeed, the genome of maize appears to be primarily composed of the remnants of such elements (SanMiguel et al., 1996) .
Two other bodies of work that had major theoretical Francis published a monograph on the subject showing, 3000 m above sea level. After 12 years of measurements among other things, that the growth of canary grass and analysis, they concluded that genetic differences seedlings toward light was controlled by the coleoptile and phenotypic adaptations contributed about equally tip. They also noticed that although the photoreceptor to the differences in growth and morphology that were was located at the tip, the bending took place at a observed and measured (Clausen et al., 1940) . This imdistance from the active part of the tip. They reasoned portant body of work formed the conceptual basis for that some sort of signal (an "influence") must travel from much current thinking about the relative roles of genothe tip to the growing region. A few years earlier, the type and environment on phenotype. prominent physiologist Julius Sachs had hypothesized, The growth of knowledge about the basis of heredity without the burden of evidence, that there were special during the first quarter of the century undoubtedly had substances in plants for forming roots, others for forma major impact on plant breeding. Much of the impact ing leaves, others for forming stems and so on (Thimann, is obscured by the effects of parallel developments, such 1935). Thus, the idea of small molecules with biological as the establishment of professional plant breeding instieffects was in the air. tutes. The innovation of greatest impact seems to be the In 1910 P. Boysen-Jensen showed that if the tip of an application of heterosis or hybrid vigor (i.e., enhanced etiolated coleoptile was isolated from the lower coleopgrowth of F1 hybrids relative to the parents), which was tile by the insertion of a small slab of gelatin, the phofirst suggested as a practical method by W. J. Beale in totropic stimulus produced in the tip traversed the gelathe late nineteenth century. In 1909 George Shull develtin and caused bending below the gelatin slab. Sixteen oped the concept of using highly inbred parents to proyears later Fritz Went made the discovery that excised duce reproducible F1 hybrids with high yield. It took a oat coleoptile tips secreted a substance, auxin, into surprisingly long time for the method to take hold. By gelatin blocks such that when applied to the sides of 1933 less than 1% of the US maize acreage was sown coleoptiles, the gelatin blocks could induce bending of to hybrids but by 1944 more than 80% was hybrids decapitated coleoptile tips that were not otherwise stim-(Allard, 1960). The plant breeding company Pioneer Hiulated. Went later recounted that he made the discovery Bred was founded on this concept, and it remains the at 3 a.m. on April 17, 1926-an indication of the excitebasis for production of many species. Although thoument of the experiments (Went, 1974) . This was a crucial sands of research papers have attempted to explain experiment because it provided a bioassay of the type the effect, the mechanistic basis of heterosis remains a that subsequently permitted the purification and identifimatter of conjecture. It is possible that the development cation of the chemical structure of natural auxin as inof methods for interrogating the expression of most or dole-3-acetic acid. Another useful bioassay developed all genes in the genome will provide new insights into by Went is shown in Figure 1 . The gelatin block techthe underlying mechanisms (Somerville and Somerville, nique also provided for experimental verification of a 1999). theoretical proposal by Cholodny that phototropism was due to asymmetric distribution of a growth substance.
The Hormonal Control of Growth and Development
Similarly, in 1930 Herman Dolk showed that gravitropism One of the unique and timeless contributions from this century was the discovery of the plant growth regulators, was also associated with an asymmetric distribution of auxin (Thimann, 1935 (Paleg, 1959) . 1997)-followed many of the same paths that yielded the The discovery of cytokinins in the 1950s by F. Skoog, first few phytohormones. In most cases, early reports of C. O. Miller, and collaborators originated in studies of the biological activity were followed by decades of skeptigrowth requirements and differentiation of cell cultures cism about the biological significance of the discovery. (Skoog and Miller, 1957) . The work was stimulated by
The turning point in each case seems to have been the observation that application of excised vascular tisthe identification of a robust assay or the isolation of a sues to tobacco pith explants in auxin-containing media mutant deficient in synthesis of the compound in question. caused a shift from cell expansion to cell division (Chen, A number of compounds remain in limbo-traumatic acid 1998). This stimulated a search for compounds from being a case in point (Bonner and English, 1938 (Chen, 1998) . From the outset, the goal of the work was to study the process of morphogenesis. The concept of mobile, floral-inducing hormone termed florigen that moved from leaf to bud. This theory was fortified by the growth substances that were active at very low concentrations was inferred by Haberlandt in 1913, who found demonstration of the graft transmissibility of the floral stimulus, but no substance with suitable properties has that phloem exudates could induce cell division in potato parenchyma. Similar experiments 35 years later moever been isolated. The discovery of phytochrome was described in a tivated the discovery of cytokinin by Skoog and collaborators. The first true tissue cultures were reported in thoughtful and engaging book devoted to the subject (Sage, 1992) . A germinal experiment that oriented sub-1939 by P. R. White, R. J Gautheret, and P. Nobé court (White, 1942) . As a source of tissue they used spontanesequent work was conducted in 1938 by K. C. Hamner and J. Bonner, who tested whether it was the period ous callus that arises at a high frequency on progeny of crosses between Nicotiana glauca and N. langsdorffi.
of light or darkness that controlled floral induction of cocklebur. They made the surprising discovery that as Although they did not include any phytohormones in their media, the callus cultures were able to grow belittle as 1 min of light given halfway through a dark period caused cocklebur to remain vegetative (Hamner and cause they are autonomous for auxin production. In the course of studies on the action spectrum scale use of plant cells for production of secondary signal transduction pathways, and by methods such as two-hybrid screens that have identified proteins that interact directly with phytochrome (Nagy and Schä fer, 1999). Several proteins that represent possible elements of signal transduction cascades have been identified, and it seems likely that these powerful approaches will finally reveal the detailed mechanisms.
As noted previously, the effects of light on coleoptile growth was of great interest to Darwin and others before the twentieth century. Although the discovery of auxin provided an insight into the growth-promoting substance, it did not address the mechanism of light action. By the 1930s it was known that the phenomenon was caused by blue light-induced asymmetry in auxin concentration, which distinguished phototropism from the processes known to be regulated by phytochrome. However, the identity of the blue light receptor remained elusive.
Recently, the characterization of mutants of Arabidopsis deficient in blue light responses has facilitated the identification of some of the components of the signal transduction chain. Two classes of blue light photoreceptors have been identified. Cryptochromes are UV-A-blue light photoreceptors with homology to micro- nucleotide and either a deazaflavin or a pterin as chromophores. Arabidopsis contains at least two similar proteins, CRY1 and CRY2, that participate in the blue for germination of lettuce seeds, Harry Borthwick and light regulation of seedling development and the regulacollaborators noted that far red illumination had a negation of the circadian rhythm. CRY2 also plays a major tive effect on germination but that the seeds, discarded role in floral induction. Orthologs in animals were reat the end of an experiment, subsequently germinated cently found to be important components of the mechawhen exposed to room light (Sage, 1992) . This sugnisms that regulate their circadian rhythms. A second gested an experiment in which seeds were exposed to photoreceptor, NPH1, controls phototropism. The proalternating regimes of red and far red light and led ditein is an FMN-containing serine-threonine protein kirectly to the discovery that the stimulatory effect of red nase that is activated by blue light irradiation (Christie light on germination was reversible by irradiation with et al., 1998). Thus, it seems likely that the earliest refar red light (Figure 3) . These results led to the brilliant sponse in phototropism is protein phosphorylation. The insight that phytochrome could be interconverted becharacterization of other mutants should facilitate enutween two forms, a red-absorbing form and a far redmeration of the other components in the near future. absorbing form, by illumination with far red or red light, respectively (Borthwick et al., 1952) . Knowledge of the Bioenergetics and Photosynthesis red/far red reversibility provided a spectrophotometric One of the great biological themes of the century concriterion that permitted the purification of phytochrome cerned the source of energy for life processes. Early in in 1965 by Siegelman and Hendricks and independently the century, biologists were aware of the energy needed in 1966 by Mumford and Jenner.
for muscular activity and of the ability of plants to absorb Because phytochrome responses such as changes in radiant energy and convert it into potential energy in bioelectric potentials can be seen within seconds, it the form of combustible food. However, the connection has long been thought that phytochrome must exert an between these two processes was poorly understood effect on membranes in addition to the possibility of (Stebbins, 1994) . The discovery of ATP by Lohman in other longer term effects on process such as germina-1929 marked the beginning of an era of great progress tion, photocontrol, and deetiolation. Galston (1974), in understanding bioenergetics. By the mid-1950s the Sage (1992), and others provide extensive reviews of Krebs cycle had been widely accepted (Beevers, 1974), the many decades of work that have been devoted to and shortly thereafter the path of carbon in photosyntheunderstanding the mode of action of phytochrome, withsis was described. An excellent account of the early out much success in identifying a mechanism (Reed, history of photosynthesis can be found in the three vol-1999). It has recently been demonstrated that phytoume review by Rabinowitch (1945) . A model of the strucchrome is a kinase, but the kinase activity does not ture of the chlroplast from this book is shown in Figure  appear to be regulated directly by light. As in most other 4. A thoughtful historical review by Myers (1974) is also aspects of signal transduction in plants, recent progress very helpful in understanding the conceptual issues of has been generated by the characterization of mutants the early years of photosynthesis research. with defects in phytochrome responses, by pharmacoBy the beginning of the twentieth century, it was generally understood that photosynthesis took place in logical studies using agents known to inhibit certain evolution without a concomitant requirement for CO 2 reduction. This provided a clear separation of the light and dark reactions of photosynthesis as originally proposed by Blackman. It also led rather rapidly to the demonstration that NADP was also an excellent electron acceptor and the recognition that NADPH could be a source of the reductant for the dark reactions. More generally, this result opened the way for the in vitro biochemical and biophysical methods that remain in use today. The discovery that certain dyes could also serve as electron donors, the development of photoelectric spectrophotometry in 1937 (Hogness et al., 1937), and the subsequent application to spectrofluorometry also paved the way for the modern era. It was also at about this time that Sam Ruben and colleagues at Berkeley first showed, using mass spectrometry, that the During the same period that C4 metabolism was being understood, a number of other anomalous photosynthesis-related phenomena had coalesced into a syndrome and the metabolism of glycolate, and Ed Tolbert, Israel Zelitch, and colleagues had established an almost complete pathway of photosynthetic carbon oxidation by which carbon from glycolate was released as CO 2 . In answer the question of the mechanism, Rabinowitch 1971, Bill Ogren and George Bowes provided the miss-(1945) was unable to discard the proposal in favor of a ing link with the discovery that ribulose bisphosphate better idea. The problem was that in the absence of carboxylase, the first enzyme of the Calvin-Benson cycle, some method of distinguishing newly fixed carbon from also catalyzed the oxidation of ribulose bisphosphate to previously fixed carbon, it was not possible to determine phosphoglycolate and phosphoglycerate (Ogren and the course of events.
Bowes, 1971). Although not widely accepted until more The concept of using radioactive carbon to trace the than a decade later, this discovery integrated photosynearly events of CO 2 fixation was pioneered by Sam Ruthetic carbon metabolism into two interlocking cycles ben at Berkeley (Benson, 1998). As early as 1939, Ruben and provided a basis for understanding the major gas and colleagues had been feeding 11 CO 2 to Chlorella (Figexchange processes in higher plants. Although many ure 5). However, the short lifetime of the isotope preaspects of the regulation of photosynthesis-related provented a clear result (Rabinowitch, 1945) . Unfortunately, cesses remain poorly understood, the current models Ruben was killed in a laboratory accident before methof the basic events appear to be robust and predictive. ods for production of and coding capacity of the TDNA and the production of derivatives of the Ti plasmids that were capable of Of all the discoveries in plant pathology, the characterization of tobacco mosaic virus probably had the greattransferring DNA into plant cells but did not cause tumors. This directly created the modern age of plant est impact on other sciences (Matthews, 1981) . In 1886 molecular biology by enabling a facile method for the defined in the first instance by a mutation that alters a biological response. Indeed, one of the most attractive transfer of genes from convenient bacterial plasmids things about genomics is that it enables small laborainto stable insertions in the plant genome. In 1983 sevtories to employ methods such as map-based cloning eral groups reported the production of fertile transgenic that until recently were the province of large labs. Thus, plants (Horsch et al., 1983; Zambryski et al., 1983) . This it will soon be possible to assign some degree of function discovery opened the way to the rational genetic modifito all plant genes by using knockouts, overexpressors, cation of plants and, along with the development of the genes chips, proteomics, promoter reporter fusions, and generic tools of modern biology, ushered in the era of various methods for localizing gene products to organmolecular biology of plants.
elles. We may further assume that if all these wonderful tools can be used to understand Arabidopsis genes, it The Future will be possible to explore how the orthologs and paraOne of the most powerful forces in plant biology during logs that comprise the genomes of all other angiothe past 15 years was the accumulation of a critical sperms do or do not have the same biological functions. mass of scientists around the use of the small plant How will this knowledge fit into the larger context of Arabidopsis thaliana. Much of the recent progress in plant biology? plant biology has been made possible by the technical One obvious problem, already apparent from the advantages of having a large group of biologists working yeast genome project, is that we will be left pondering with a well-chosen model organism combined with the the roles of many genes that do not appear to have any inherent power of molecular genetics. Although Arabifunction. More importantly, perhaps, the sequencing of dopsis had been used occasionally for genetic experigenomes will probably not dry up after several genomes ments since the turn of the century, there was no comhave been sequenced. It seems likely that as the century pelling reason for large numbers of biologists to choose progresses, we will have ever more comparative seit until the era of gene cloning. Interest in Arabidopsis quence information from other plants representing the was stimulated in the early 1980s by recognition that full spectrum of diversity. We will also have enough gene it had an unusually small genome and by interest in expression information about these genomes so that developing a facile model plant for molecular genetics we will eventually be able to predict from promoter se-(Meyerowitz and Somerville, 1994). The widespread quences where and when a gene is expressed. Thus, adoption of Arabidopsis as a model organism led to a we will be able to compare the complete repertoire of commitment to sequencing the complete genome; it gene products, their localization and expression beis projected that the sequence of the genome will be tween species. This will lead to an attempt to understand complete by the summer of 2000 (Meinke et al., 1998;  plant diversity computationally. It is relatively easy to Somerville and Somerville, 1999). It also seems likely imagine that if we were presented with the complete that the complete sequence of the rice genome will be genome sequence of a plant species and knew the funccomplete within a few years of the Arabidopsis genome tion of all the genes in a few representative species, we and there will also be millions of EST sequences for should be able to predict biosynthetic repertoire of the several dozen other important plant species. Thus, we newly sequenced species. In a similar way, based on will enter the new millenium with a comprehensive variation in gene expression patterns on whole genome knowledge of the genetic composition of higher plants.
chips probed with RNA from a number of cell types, we In recognition of the success of the Arabidopsis geshould be able to piece together an understanding of nome project, the NSF recently sponsored a small meetthe developmental profile of a plant. ing of plant biologists to examine future opportunities.
It seems likely that since about a third of all eukaryote The principal recommendation of the group was that it proteins are modified, a major challenge will be to intewas feasible to attempt to determine the general funcgrate posttranscriptional regulation. Plants have a very tion of all angiosperm genes by 2010. The definition of large number of kinases, and it will be challenging to what this might mean in practice was left strategically assign function to them all. At present it is difficult to vague. However, there is little doubt that some amount envision how this problem will be solved. It is conceivof functional information could be available for all Arabiable that proteomics methods could be used in conjuncdopsis genes by 2010 (Somerville and Somerville, 1999) . tion with mutations in each of the kinases to identify the It is certainly possible to produce null mutations for substrates. Alternatively, perhaps advances in modeleach of the roughly 23,000 genes in Arabidopsis and to ling protein folding will allow a computational approach constitutively express each of the genes in transgenic based on matching the topology of substrates and cataplants. It is also certain that with the use of gene chips lysts, or perhaps a combinatorial peptide approach will or microarrays, the expression pattern of each gene will facilitate the identification of substrate recognition charbe known. The use of clustering algorithms will place acteristics. Whatever the case, the next several decades each gene in a cluster of similarly regulated genes that will be preoccupied with cataloging the roles of all the will assign some degree of function by association (Vishgenes, and the rate of progress will depend on the rate wanath et al., 1999). Most importantly, perhaps, the of parallel developments in areas such as structural availability of the complete genome sequence will biology. greatly facilitate the application of forward genetics. It
Obviously, many problems will not yield to a catalogis now possible to isolate an Arabidopsis gene correbased approach. A problem that will be with us for the sponding to a genetic locus by map-based cloning 6 to foreseeable future concerns the mechanisms by which 8 weeks after an F 2 population becomes available. Thus, the body plan of plants is established and the various cell types differentiated. The first eight decades of the function will be assigned to many thousands of genes past century provided a wealth of descriptive informaregions and the duration or rate of cell division are different. Understanding the mechanisms that control this tion about plant anatomy but relatively little mechanistic difference will be challenging but potentially very useful. insight. In retrospect this is odd; mutants that alter some It might permit the development of crop species that aspect of the body plan of plants are abundant in any grow more quickly and achieve much larger stature. It mutagenized population. Why was it that colleagues may also allow the modification of the growth habit of working on Drosophila developed a rich genetic analysis small or slow-growing species that have useful properof pattern formation and morphogenesis many decades ties but have not been domesticated because of low before the concept took root in plant biology? There yield. does not appear to be a simple answer, except perhaps One of the underexploited promises of plant biology that many people did not believe that it would be possiis the ability to induce tissue formation from cell cultures ble to make sense out of the mutants and simply chose and, in one instance, to induce high efficiency cell differmore readily soluble problems. I believe that it may also entiation (Fukuda, 1997) . I think it likely that as knowlhave been related to the fact that most plant geneticists edge of the genetic control of development progresses, were supported to pursue problems of applied signifiit might be possible to exploit differentiated cell lines cance and were generally unable to justify work on deto study events that will be difficult to understand by velopment in that context, even though some of the studying whole plants because of the many cell types largest gains in plant productivity have come from mathat comprise most organs. For instance, it should be nipulation of developmental characteristics such as possible to catalog the level of expression of every gene plant height and flowering time. Whatever the case, in cultured Zinnea tracheary cells by using DNA microarmuch remains to be done to understand the mecharays to measure RNA extracted from cultures of differennisms that control the body plan of plants.
tiated cells. By contrast, grinding whole organs to meaOne of the most exciting thrusts of the past decade sure the expression of genes is fraught with problems has been the development of a cogent model for the associated with lack of specificity. Similarly, the ability basic controls of floral development by Meyerowitz, to induce highly coordinated somatic embryogenesis in Coen, and colleagues (Coen and Meyerowitz, 1991) . At some plant species should afford novel opportunities present, the models provide a scaffold of regulatory that have not yet been much exploited. elements that control the basic pattern of flowers. In
As noted earlier, one of the great unsolved questions future years a challenge will be to understand in greater of the twentieth century has been the identity of floridetail how transcriptional control is translated into the gen-the proposed flowering factor. The control of flowmany cellular events that result in a particular morpholering is currently being dissected in great detail in Arabiogy. Progress toward understanding this general quesdopsis. Approximately 50 genes are currently known tion will provide insights into the enormous morphologithat participate in controlling the overall process. The cal variability seen in the flowers of angiosperms.
sheer complexity of control raises the possibility that Because flower morphology is related to fruit morpholas the function of each of these genes is understood ogy and seed yield, knowledge of the underlying mechaand placed into an overall regulatory framework, florigen nisms may create many novel opportunities to enhance will be discovered to be an "emergent property" of a yield or improve the useful properties of food species. number of genes acting together rather than a specific Most other aspects of plant development are significompound. This seems a possibility because no Arabicantly less developed than flower formation. However, dopsis mutant is known that is completely defective in the work on flower development provides a compelling flowering. The closest thing appears to be a mutant model for the successful dissection of developmental that is deficient in synthesis of gibberellin and does not processes in plants, and it seems likely that the new flower under short days. Of course, florigen might be genetic tools and knowledge will greatly facilitate progproduced by duplicate genes-the Achilles heel of the ress. It is impossible to predict how long it will take to conventional genetic approach, but not an insurmountgain a clear mechanistic understanding of the proable problem for reverse genetics based on a whole cesses. However, it seems reasonably certain that we genome sequence. will acquire the ability to significantly modify the body Human population growth will ensure that the quest plan of plants by directed genetic modifications within for increased plant productivity will continue to be a the next century. This will presumably be used to modify major driver of research in plant biology during the agricultural and forestry practices so that we obtain twenty-first century. Because as much as 40% of plant maximum useful yield with minimal environmental impact. productivity is lost to pests and pathogens in Africa and One of the exciting applications of advanced knowlAsia, strategies to control these will be a continuing edge of morphological development may be a fundachallenge. The recent progress made in understanding mental understanding of what limits plant growth or the molecular basis of race specific pathogen interacyield. Elliot Meyerowitz (personal communication) has tions provides a new basis on which to try and develop framed one aspect of the issue by noting that the coding durable forms of resistance. The fact that maize and sequences of Arabidopsis and Brassica napus genes rice are not susceptible to powdery mildew, whereas are about 85% identical at the nucleotide level, and the the closely related cereals such as wheat and barley two species have very similar gross morphology, but B.
are, implies that it should be possible to develop stable napus can achieve a final body mass hundreds of times forms of resistance. Presumably by understanding the of that of Arabidopsis. The cell sizes are similar, but in basis of "nonhost resistance", it will be possible to intro-B. napus, each organ has many more cells. Presumably duce this trait into crop species. The ability to engineer plants resistant to bruchid beetles using an amylase the mechanisms that determine the size of meristematic inhibitor (Shade et al., 1994) and the success in engiinvention of Southern blotting permitted the unambiguous demonstration that TDNA was transferred from neering the Bacillus thuringiensis toxin genes for expression in plants provide early examples of future mechaAgrobacterium to plants. The isolation and characterization of phytohormones coincided with the development nisms of insect control. The challenge will be to define additional mechanisms that confer resistance. It seems of chromatography, mass spectrometry, and other analytical methods. Almost all biochemical work has been likely that screening programs for toxin proteins from biological sources will provide additional proteins that greatly stimulated by the growth of companies that provide a wide range of chemicals and biochemicals. If the are toxic to insects. More importantly, perhaps, progress in designing proteins may permit the design of past is a useful predictor of the future, we may expect that future progress in biology will have a similar depennovel proteins that are specifically toxic to insects. In addition, as our knowledge increases, it will be possible dency on instruments and methodological advances. My second impression is that most of the problems to move whole pathways for the synthesis of small molecules such as insecticidal pyrethroids into plants. In that have been actively pursued during the century have begun to yield during the last 15 or 20 years because principle, all of the diversity in nature can be brought to bear on the problem. of the power of modern cell and molecular biology. There are relatively few problems in mechanistic plant biology As our knowledge of basic mechanisms progresses, it seems likely that we will increasingly use plants as for which I cannot envision a potentially productive experimental approach based on an application of the sources of polymers and chemicals. For instance, there have already been preliminary studies of the feasibility current suite of tools. Problems that were completely intractable 20 years ago are now seen as relatively of using plants to produce plastics (Poirier et al., 1992) , and there is broad interest in using plants to produce straightforward. Although it seems possible or even likely that our collective curiosity will eventually reach novel materials such as synthetic silks and other polymers. At present this technology is not commercially beyond the grasp of our current methods, the coming decades promise to be a period of unusually rapid disfeasible because of lack of knowledge of what controls the flux of metabolites into the desired product. One of covery. Finally, because of the high degree of sequence simithe consequences of widespread use of gene chips is that many straightforward questions about transcriplarity between many plant genes and genes from other organisms, there is now a common language that contional control will be addressed and more attention will be devoted to understanding posttranscriptional control nects the study of plant biology to all other biology. Thus, the amount of biological knowledge that may be mechanisms. There is little doubt that by 2030 we will be able to produce large amounts of various compounds brought to bear on problems in plant biology is greatly expanded compared to any time in the past. Although in plants, and plants will be replacing petroleum as sources of high-value chemicals. I believe that increased many of the problems in plant cell and molecular biology are not green copies of similar problems in animals or knowledge of the control of cell differentiation will permit the design of plants with significantly altered properties fungi, many of the components of the underlying processes are recognizably similar across species. Thus, that are better suited to our needs. For instance, at present plant oil is produced from seeds. However, this knowledge of plant biology is poised to progress in step with the great advances that will occur throughout is not an ideal source of oil because most seeds also contain a large amount of protein, which is energetically biology during the coming century. expensive for plants to produce and has limited industrial utility. By contrast, starch-accumulating root crops
